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Abstract 
A light-addressable potentiometric sensor (LAPS) is a field-effect based sensor. With a modulated light source, 
spatially resolved measurements of chemical species can be performed and chemical images can be generated. The 
modulated light source is used to define the particular measurement spot and to achieve spatially resolved signals. In 
this work, an organic-LED (OLED) display has been chosen as a light source. This allows a high measurement 
resolution and miniaturisation of the system. A new developed driving method for the OLED display for optimised 
LAPS-based measurements is shown, which is possible to define modulation frequencies between 1 kHz and 16 kHz 
and to reduce the measurement time of a chemical image by a factor of 40. 
© 2011 Published by Elsevier Ltd. 
Keywords: light-addressable potentiometric sensor; chemical imaging sensor; OLED display 
1. Introduction 
With a light-addressable potentiometric sensor (LAPS) spatially resolved measurements of chemical 
species can be performed [1] and chemical images can be generated [2]. The LAPS is a field-effect based 
sensor and consists of a semiconductor substrate with an insulator and a transducer layer (see Fig. 1). A 
light source is used to generate a photocurrent. The amplitude and phase of the generated photocurrent 
will change, depending of the analyte concentration above the illuminated region. Hence, an important 
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component of the LAPS set-up is the light source, since it defines the measurement resolution, the 
scanning range, and the scanning speed. Thus, different light sources for LAPS have been presented e.g., 
movable laser sources [2] or fixed LED arrays [3]. Recently, the use of an organic-LED (OLED) display, 
placed on the rear side of the sensor chip was introduced [4]. The OLED panel allows a high measurement 
resolution and miniaturisation of the system without mechanical movements. However, since OLED 
displays are not optimised for fast signal modulations, usually the light modulation is fixed at the refresh 
rate of e.g., 135 Hz. The usage of higher modulation frequencies for LAPS measurements is highly 
needed in order to perform faster measurements and to operate the LAPS structure at an optimal 
modulation frequency with respect to the signal to noise ratio. Thus, in this work, a different driving 
method for the OLED display was developed, to achieve higher modulation frequencies. 
2. Methods 
The OLED Display DD-9664FC-2A from Densitron is applied. It has an integrated driver chip 
SSD1331 from Solomon Systech. The display is a full-colour display with a diagonal size of 0.95" and 
96x64 pixels. Thus, the size of a full-colour pixel is 200x200 μm2. The OLED panel is directly mounted 
under the LAPS structure (see Fig. 1). 
Fig. 1. Schematic drawing of the LAPS measurement set-up with the OLED display.  
To produce a picture on the OLED display the picture must be written into the memory of the driver 
chip. This will be done only row by row to generate the picture on the entire display. The highest refresh 
rate is 135 Hz, thus a row will be addressed again only after 7.4 ms. When a single pixel is illuminated 
with this driving method, this pixel is modulated at 135 Hz with a duty cycle of 1/64, as shown in [4]. To 
achieve higher modulation frequencies and a duty cycle of 0.5, as desired for LAPS measurements, this 
method is unsuitable. With the driver circuit it is possible to limit the number of rows that are addressed. 
Decreasing the number of rows, increases the refresh rate and the duty cycle. By choosing only one row, 
which is addressed continuously, the refresh rate is maximal and the duty cycle is depending on the grey 
scale of the pixel. Changing the internal oscillation frequency of the display will change the modulation 
frequency of the addressed pixels. With this method it is possible to achieve modulation frequencies 
between 1 kHz and 16 kHz and a duty cycle of 0.5, without depending on the native frame refresh rate of 
the OLED display. 
To scan along the sensor plane, a spot consisting of at least one pixel must be moved in a raster 
manner over the display and on each position the photocurrent must be recorded. Therefore, the needed 
column pixels will be activated for each row. After addressing all pixels of the first row the same 
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measurement procedure will start for the next row. To achieve higher photocurrents, multiple pixels in 
one row can be activated, which will increase the signal to noise ratio but decrease the spatial resolution. 
3. Results and discussion 
Figure 2 depicts the waveform of the photocurrent, generated by a light spot of 10x1 pixels at a 
modulation frequency of 1.74 kHz. 
Fig. 2. Waveform of the photocurrent with a modulation frequency of 1.74 kHz and a spot size of 10x1. 
The amplitude of the photocurrent at the modulation frequency of 1.74 kHz with respect to the applied 
bias voltage is shown in the I/V curves in Fig. 3. The figure depicts the I/V curve for different 
measurement spot sizes between 1x1 and 14x1 pixels. By increasing the measurement spot size the 
photocurrent amplitude and thus the signal to noise ratio will increase. The measurements have been 
performed with a pH-sensitive LAPS (layer set-up: Al/n-Si/SiO2/Si3N4) at a constant pH value of pH 7. 
The maximum photocurrent in the depletion region varied from 70 nA (14x1 pixels) down to 7 nA (1x1 
pixel). 
Fig. 3. Photocurrent/voltage curves of different spot sizes at pH 7. 
Figure 4 depicts an example of a chemical image with the word “LAPS” written with a polymer resist 
on the LAPS surface, recorded by a spot size of 2x1 pixels with a modulation frequency of 1.74 kHz. The 
total measurement time to acquire the chemical image was about 2.5 min. Due to the use of the higher 
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modulation frequencies, the measurement time could be significantly reduced, compared to the previously 
presented OLED-LAPS set-up [4] with a measurement time of 100 min. 
Fig. 3. Chemical image recorded with a spot size of 2x1 and a modulation frequency of 1.74 kHz. On the sensor surface the word 
“LAPS”' was written with a polymer resist. 
4. Conclusion 
A LAPS set-up with an OLED display as light source was developed. Due to the pixel density of 
96x64 pixels on 20x13 mm2 and a thickness of 2 mm, the OLED panel enables a high measurement 
resolution and miniaturisation without mechanical movements. By using a new driving method, 
modulation frequencies in the range of 1 kHz and 16 kHz can be achieved. This will speed up the 
measurement and reduce the time of a chemical image by a factor of 40, compared to the previously 
presented OLED-LAPS set-up [4]. 
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